Global value chains (GVCs) have grown rapidly over the past several decades. Over the same period, the aggregate value of current account imbalances has risen substantially. This paper looks at whether these developments are related. While there is a sizable literature that has documented the rise of global production networks, there have been few attempts to assess the potential effect on global imbalances. The paper uses measures of GVCs developed in the literature in panel regressions to assess the effect on global imbalances over the period 1995-2011. It is argued that these variables should be entered as a product rather than individually and that they should be lagged, not contemporaneous with the change in current account balances. The results suggest that GVC position weighted by participation and trade share is negatively related to a country's current account balance, i.e., moving upstream in the production process is negative for a country's current account. However, the effects on global imbalances over the period studied appear to be small.
Have Global Value Chains Contributed to Global Imbalances?

I. Introduction
One of the more noteworthy economic developments of the late 20 th and early 21 st centuries has been a rapid increase in global trade. Increased openness to trade is generally considered to be positive for economic growth for both individual economies and for the global economy as a whole, as it allows countries to specialize in producing goods and services in which they have a comparative advantage and it may also foster the transfer of technology across borders.
As shown in figure 1, the rise in trade does appear to have been associated with some increase in global growth before the financial crisis in [2008] [2009] . However, there is some question as to how sustainable and balanced the gains have been. As shown in figure 2, the rise in global trade relative to GDP also was accompanied by a sharp increase in the absolute value of global current account balances as a percentage of GDP. Global imbalances narrowed considerably during the financial crisis and have remained at a lower level, while the ratio of trade to GDP has regained much of its earlier decline but has not resumed its upward trend. This raises the questions of whether the higher global growth in the pre-crisis period was connected to the rapid increase in trade as well as to the rise in global imbalances, whether these imbalances will re-emerge if trade again begins to grow more rapidly than GDP, and whether it will be possible for GDP growth to return to pre-crisis rates if trade growth and imbalances do not. This paper does not attempt to answer all of these questions. It looks at one piece of the puzzle, namely whether the association between the increase in global trade and the rise in current account balances in the pre-crisis period were both related to the proliferation of global value chains (GVCs), otherwise known as production fragmentation, in which the production process is dispersed across countries. In such chains a source country produces intermediate goods that are then used in other countries to assemble the final product. There can be many links in such chains, so that the components of a final product may cross borders several times, sometimes round-tripping between countries, before the final product is assembled. Reductions in costs for transportation and communication, an acceleration in technical progress that has allowed production to be standardized to that point the it can be geographically dispersed, and trade liberalization have all been cited as explanations for the rapid growth in GVCs.
Is there any reason why we might expect such production chains to result in an increase in global imbalances? There are two obvious possibilities: one is that participation in global value chains causes a country's current account balance to increase or decrease, which would need to be matched by an offsetting change in the current account balances of non-participating countries. However, this is more likely to be true if only a subset of countries participate in such chains, since otherwise changes in participating countries would need to be offsetting. Another possibility is that the effect on current account balances differs depending on a country's position in the global value chain. Some countries, usually the more advanced, are more "upstream" in the chain, producing technologically advanced parts and components and sending them downstream to less advanced countries for the less skill-intensive assembly process.
Although there has been a great deal of work on the characterization of global value chains, there has been little analysis of the link between value chains and current account balances. One of the first is a paper by Georgiadis, Grab, and Trottner (GTT, 2014) that suggests that participation in global value chains should have a positive effect on a country's current account balance because the process involves adding value to imports and then exporting them, which would mathematically increase the trade balance. However, this assumes that the country is relatively downstream in the production chain. Countries whose primary role is to export intermediates for further processing in other countries would not see such an effect on their current account balance.
Some related work has found that trade involving production chains in a downstream country may be less responsive to changes in exchange rates because currency appreciation will reduce the cost of imports even as it is making that country's exports more expensive, as discussed in Riad et. al. (2012) . They find that adjustment to a change in exchange rates takes place mainly outside of the supply chain. Obviously, the larger the supply chain as a percent of trade, the slower the adjustment process will be. Although this phenomenon would not necessarily create a current account imbalance, it could make adjustment more difficult if one should emerge for other reasons.
The purpose of this paper is to assess whether there is any empirical evidence that the rapid growth of global supply chains in the past couple of decades has contributed to the simultaneous increase in global imbalances. Since both position in GVCs and current account balances are effectively zero-sum (if some countries are upstream others must be downstream and if some countries have current account surpluses others must have deficits), association between position and current account balance would suggest that GVCs could contribute to global imbalances, ceteris paribus.
The first step is to calculate measures of GVCs, a process described in the following section. Section III presents some data showing the evolution of value chains and current account balances since 1995, and section IV describes the results of some panel regressions that attempt to assess the relationships between value chains and the current account. The primary finding is that downstreamness in GVCs in the aggregate does appear to contribute positively to a country's current account balances while upstreamness does the opposite. However, the magnitude of the effect relative to the growth of global imbalances over the period studied appears to be small. Section V concludes.
II. Measuring Global Value Chains: A Brief History
As global value chains have evolved, so have the methods used to characterize them.
Initial work on characterization of global value chains, or international fragmentation of production, used the imported input shares of gross output, total inputs, or exports as indicators of the extent of a country's involvement in such chains (see, for instance, Feenstra and Hanson (1996) ). 1 However, Hummels, Ishii, and Yi (2001, hereafter referred to as HIY) and Chen et. al. (2005) argue convincingly that such measures do not accurately characterize global value chains because they do not assess the extent to which the imported intermediates are used in a country's exports as opposed to being used in domestic production. They introduced the concept of "vertical specialization," which requires three characteristics: (1) goods are produced in stages;
(2) two or more countries provide value-added in the production sequence; and (3) at least one country uses imported inputs in its stage of the production process and exports some of the resulting product to either a third country or back to the country of origin. They note that it is the third factor that distinguishes a value chain from simple outsourcing.
HIY developed two measures of vertical specialization for an individual country, one from the import perspective and the other from the export perspective. The first, labelled VS, is the imported intermediate input content of exports and is measured for each country and each product as the amount of imported intermediate input multiplied by the ratio of exports to gross output for that product. The total for a country is calculated by summing across products. This statistic is an approximation to the actual amount of intermediates used for export as it assumes that the ratio of intermediates to output is the same for output that is sold domestically and output that is exported. Aggregate VS for a country is usually expressed as a ratio to total exports. One minus this ratio measures the percentage of exports that consist of domestic value added.
HIY's second measure of vertical specialization (VS1) is from the perspective of exports, and counts the portion of exports that are used by another country in the production of its export goods. It is calculated for each country as the sum over all products and destinations of its exports of intermediates multiplied by the ratio of exports to gross output for that industry in the destination country. Again, this is an approximation that assumes that the usage of each intermediate input is proportionately the same for exports as for products sold domestically.
If the entire world is included in the sample, the aggregates across countries of the two measures should be equal in nominal terms, as the first measures all of the foreign value added embedded in imports and the second measures all of the foreign value added in exports.
More recent work by Johnson and Noguera (2012) and Koopman et. al. (2010) (referred to as KPWW) generalize HIY's vertical specialization measures to cases where production chains are more complicated. In particular, KPWW demonstrate that the HIY measures of vertical specialization do not accurately decompose exports into their foreign and domestic value-added components when the production chain spans several countries, i.e., when one country imports intermediate inputs, adds value, and then exports semi-finished goods to another country that produces the final goods. In these cases it is not accurate to assume that imports from a source country embody only domestic value-added from that country, as they may also include value-added from third countries. These more complicated production chains may The information in the input-output tables can be expressed in matrix form as:
(1) Y = AY + F With c countries and n industries, Y is an nc x 1 vector of gross output for all countries and industries, A is an nc x nc matrix of input-output coefficients, and F is an nc x 1 vector of final demand for all countries and industries.
The system can be rewritten as:
(2) Y = (I -A) -1 F = BF 2 Dietzenbacher et. al. (2013 ), Timmer et. al. (2015 . 3 Thirty-four industries were included in the analysis because the thirty-fifth, private households, contained too many zero entries to allow the matrix to be inverted.
where B is the nc x nc Leontief matrix that gives the amount of gross output in each country that is required for a one-unit increase in output for final demand in another country. Using KPWW's notation, the amount of foreign value-added from a source country that is embedded in exports of the destination country is calculated by taking the n x n section of the Leontief matrix that links those two countries and pre-multiplying it by a 1 x n vector of the share of value added in gross output for each industry in the source country and post-multiplying it by an n x 1 vector containing the destination country's exports by industry:
(3) FVrs = Vs Bsr E r* where FVrs is a scalar measuring foreign value-added from country s to exports in country r, Vs is the value-added vector for country s, Bsr is the n x n portion of the global Leontief matrix that links countries r and s, and E r* is the vector of country r's exports. Total foreign value-added in the exports of a country is calculated by summing across the contributions for all of the source countries, The analysis that follows uses each country's aggregate measure of both participation and position. It should be noted that the measures calculated here rely on the proportionality assumption-that is, they assume that the same input-output table applies for processing as for non-processing trade. This assumption clearly does not hold for countries such as China and Mexico, which KPWW illustrate in their paper by adjusting the data for those countries for 2004.
However, calculating adjusted measures for all of the years used in this study would be very difficult, and it should probably be done for more countries in any case. The analysis here is done in first difference form, so while not adjusting for processing trade likely introduces some error, it should be less important in first differences than in levels. In any case, future work will attempt to address this deficiency. Figure 3 shows the measure of GVC participation aggregated over all countries. It displays the same upward trend as the ratio of trade to GDP shown earlier and appears to show a similar trend to that of global current account imbalances, at least through 2010. Figure 4 shows measures of participation for selected advanced economies and Figure 5 shows them for emerging market economies. The increase in GVC participation is clearly quite widespread across both groups. Among advanced economies, participation is higher for the European economies than for Japan, the United States, and Canada, but it has risen the most rapidly for Japan. Participation rates are generally higher for emerging market economies, particularly in emerging Europe and emerging Asia (recall that the measures for China and Mexico, and possibly other countries, are understated). Brazil, however, appears to be much less engaged in GVCs. in the later period, consistent with a rise in global imbalances. Third, there does not appear to be much relationship between the extent of a country's participation in GVCs and its current account balance, as indicated by the dotted trend lines. This is perhaps not surprising given (as noted earlier) that a participating country must have a partner or partners, and if some have surpluses others will by definition have deficits. Figure 9 shows similar graphs for global value chain position. Again, there is not much evidence of a relationship between a country's position in a GVC and its current account balance in 1995 and only a slight positive association in 2006. The latter runs somewhat counter to the intuition that countries that are further downstream should have larger current account balances, a topic which will be discussed further below.
III. Developments Since 1995
Of course, there are many other factors that affect current account balances, and simple graphs like these may not be able to capture the relationship. The next section uses panel regressions to assess more formally whether there is a connection between global value chains and global imbalances. 
IV. Empirical Results
As the scatter plots shown in the previous section suggest, there is no obvious simple relationship between participation in value chains and current account balances and at most a weak positive association between a country's position in the chain and its current account balance. The latter result contradicts the speculation that current account balances of downstream countries are likely to benefit more from value chain participation than countries that are further upstream, as their function involves adding value to imports, and they are also likely to be less vulnerable to exchange rate appreciation.
GGT find a positive association between value chain participation and current account balances using the WIOD tables as well as imputed data for some other countries. 4 However, as noted earlier, there is a logical fallacy in postulating a linear relationship between value chain participation and current account balances since current account surpluses in some countries necessarily have to be offset by current account deficits in others. This is not to say that such an effect might not be observed in the data. However, we need to be careful in interpreting it.
GGT also find a positive contemporaneous association between GVC position and current account balances, both when position is entered alone and when it is interacted with participation. GGT argue that this suggests that the positive effect on the current account balance comes through the value added channel, i.e. that countries that are further upstream have more of their own value-added embodied in their exports and that this should translate into a more positive current account balance. However, this does not necessarily follow. It is not the amount of value added embodied in a country's exports that should matter for the current account, it is the difference between gross exports and imports. A country that is upstream in the value chain may be exporting intermediate products with a high value-added content to its value chain partners, but its imports may be entirely unrelated products that are primarily for domestic use, with no particular implications for its current account balance. On the other hand, a downstream country with a large share of GVC trade may be adding little value to each unit but still see a sizable difference between its imports and exports in aggregate.
Another important issue is that the KPWW measure of position is likely to be arithmetically contemporaneously correlated with a country's current account balance, as it is calculated as the difference between the portion of a country's exports that add value to exports of other countries and the portion of its imports that consist of foreign value added to its exports.
As these are each a subset of the country's total exports and imports, respectively, a positive difference between the two automatically translates into a higher current account balance unless offset by other components. For this reason as well as because of the time duration involved in value chain production, it may be more reasonable to assess the relationship between lagged values of position and participation and the current account balance.
As this suggests, uncovering the relationship (if any) between GVCs and current account
balances is likely to require more analysis than just putting them on opposite sides of a regression. Nevertheless, this analysis starts there. Because of the relatively limited dataset, the regressions are estimated in change form so as to limit the number of control variables needed, since many of the longer-term determinants of current account balances change only slowly over time. The dependent variable is the annual change in the current account balance as a percent of GDP.
There are two control variables: the first is the difference between the growth rate of trading-partner and domestic GDP for each country, which should be related to the demanddriven difference between growth of exports and imports. The second is the real effective exchange rate (REER) for each country. The inclusion of the latter variable cuts the crosscountry dimension of the sample to 36 from 40, as REERs are not available for four of the countries in the WIOD dataset. However, very similar results are obtained using the larger sample without the exchange rate. Both the GDP and the exchange rate variables are multiplied by that country's share of trade in GDP since the effect of changes in trade on the current account balance relative to GDP will be larger the larger the trade share. All regressions also include country fixed effects.
The results of the equation with only the control variables are shown in table 1 along with regressions that include only the contemporaneous values of GVC position and participation, as well as one that interacts the two variables. These variables also are weighted by trade share.
(When the variables are entered unweighted the signs and significance levels of the coefficients are essentially the same.) The coefficients for relative GDP growth and the real effective exchange rate are correctly signed (the GDP growth differential is positive and exchange rate appreciation is negative) and reasonably sized, and vary little as other variables are added. When entered either alone or together, contemporaneous position and participation are both highly significant, with the position variable positive (suggesting, as in the GGT results, that being upstream in the value chain is positive for current account balances). However, the negative coefficient on the participation variable suggests that value chain participation reduces current account balances.
The coefficient is positive when position and participation are interacted.
However, as noted above, the contemporaneous relationship between changes in position and changes in the current account balance may be reflecting the arithmetic effect of changes in exports and imports on the current account. Furthermore, it simply cannot be the case that participation can have a negative effect for all countries even if that effect dominates across the entire sample. Some evidence that these relationships are more complicated is provided by examining the cross correlograms, shown in Figures 10-12 .
The correlogram between changes in GVC position and current account balances ( Figure   10 ) indicates that the contemporaneous positive relationship is followed by three quarters that each show an equally large negative relationship. By the fourth lagged quarter the relationship appears to disappear. The relationship between participation and current account balances ( Figure 11 ) appears to be more persistently negative. However, when the two variables are interacted (Figure 12) , the results are similar to those obtained for position.
An argument can be made that interacting the variables makes the most sense from an economic point of view when assessing the relationship with the current account balance. If a country's position in the value chain affects its current account balance, the relationship will almost certainly be stronger for a country that has a high level of participation than for one that has a low level. Table 2 shows the results from two regressions that include the position and participation terms interacted, the first including the contemporaneous term and the second starting with the first lag. The results are quite different. If the contemporaneous term is included, the sum of the lags is positive but only the current and third lags are significant. If the current term is excluded, the relationship is negative and significant for the first, second, and third lags. Overall, this result suggests that abstracting from the direct arithmetic effect of GVC position on current accounts, an increase in "upstreamness" reduces the current account balance and an increase in downstreamness increases it, with the full effect coming after three years. would raise or lower a country's current account balance by just 0.2 percentage points. Of course, the changes might be larger for some countries.
The first two columns of Table 3 show the amount that each country's change in GVC position is estimated to have contributed to the change in its current account balance both before the crisis, (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) as well as since (2007) (2008) (2009) (2010) (2011) using the coefficients in the second column of table 2 along with the actual data for each country. The changes are positive for some countries and negative for others. The last three rows show aggregate measures: first the simple sum of the changes, then the sum of the absolute value of the changes, which is more relevant for global imbalances, then the absolute value as a percent of global GDP.
These results suggest that participation in GVCs has overall made a negative contribution to current account balances in both periods, about $24 billion in the first period and $19 billion in the second. In the first period, the United States showed the largest increase in its deficit as a result of growing involvement in GVCs, -$21 billion, although this decline is partly reversed in the later period. For the individual countries, China showed the largest increase in its surplus in the first period, although it also showed a substantial drop in the second period as it apparently moved more upstream. The rest of the world aggregate also showed a gain. The sum of the absolute value of the changes is about .4 percent of global GDP in each period, compared with an increase in the aggregate measure of global imbalances from 1.8 percent to 4.6 percent of global GDP between 1995 and 2006.
However, while this measure is an estimate of the change that might result in global imbalances from the rise of GVCs in a world in which all countries started with a balanced current account, this is obviously not the starting point in the real world, where the effect on global imbalances of a given change in an individual country's current account balance will depend on whether the country started with a surplus or deficit. That is, reductions in deficits for deficit countries or surpluses in surplus countries will contribute to a reduction in global imbalances, while the opposite is true if either deficits or surpluses increase in absolute value.
The third and fourth columns show the effect of the changes on global imbalances by multiplying the change by -1 if the country had a deficit at the beginning of each period and by 1 if the country had a surplus. Thus, a positive effect of GVC participation will reduce the global imbalance if the country has a deficit and increase it if it has a surplus, and vice versa. These calculations suggest that GVCs have had a very small effect on global imbalances in both periods. The biggest contributors to this result are Japan, Russia, and the Netherlands, all of which had a surplus at the beginning of each period that was reduced by a negative effect from the change in its GVC participation/position. In the later period, the largest contributor to the reduction in global imbalances from GVC participation/position was China. In contrast, both
Korea and Germany experienced changes in GVC participation/position that contributed to a widening of global imbalances, although these amounts are still small relative to global GDP.
To sum up, the evidence suggests that a country's position in GVCs, weighted by participation and trade share, can have a significant effect on its current account balance after several years, with countries that move upstream seeing downward pressure on their balances and vice versa. However, using the coefficients estimated here, the effects over the sample period have been small.
V. Conclusion
Two phenomena that have characterized the years since the mid-1990s have been a sharp increase in both global imbalances and global value chains, particularly in the pre-crisis period.
This raises the question of whether the rise in value chains has contributed to the increase in imbalances. This paper calculates the measures of value chain position and participation using the methodology developed by KPWW and uses them to try to answer this question.
Regressions that look at the relationship of these variables contemporaneously suggest that increased participation in global value chains has a negative effect on a country's current account balance (contrary to GGT's result), while moving upstream in production has a positive effect. However, entering GVC participation by itself into a panel regression is problematic, as it suggests that all countries will see either a reduction or an increase in their current account balances, but if participation is widespread, these changes will need to be offsetting. The position variable suffers from a different limitation, as it is contemporaneously correlated in an arithmetic sense with a country's trade balance and thus its current account. This paper has attempted to address these issues by interacting the two variables and lagging them. The results suggest that changes in GVC position are significantly negatively related to changes in a country's current account balance, but the magnitude of the coefficients indicates that the effect on global imbalances over the sample period has been small.
